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abstract; ■ , \ ■ I 

^ ' • * Differentiation among gifted" junior hi^ofh student Sg who 
score^at thp 98th or 99th percentile on in-grade achieveitent tjjestsfof 
quantitative abiJ/i ties can /he accomplished by administering^ test 
nprmally given H^oi older students ^ch as the College Entrance * 
Examination Board's Scholastic Aptitude Test-Mathematical (SkT-M) • 
SAT-M scores of 396 7th, -Sthj^ and accelerated 9th grade • students show 
a wide range of abilities among students scoring the ceiling of 
in-grade^^ests. . The rationale for discrimination aiRong gifted 
students 8hould be individualized feduca1;ional- iplanning which may 
^include college courses and early college admission for the gifted 
junior high student who also scores high on the SAT-M, Because 
younger students, jtnay have to (nskke greater use of reasoning abilities 
to solve problems to which older 'students apply learned formulas, 
this reasoning ability ,can be predicitive Qf success* in advanced 
courses of new material • Gifted junior high stucjfents have been placed 
in college courses with unbroken success^ (See' EC 051 774 for a 
rolatea document) • (DB) , . » - 
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. . Discovering Quantitative Precocity 

♦ , \ ^ * 

Daniel P. Keating and Julian C. Stanley y • ' 

> • ■• 

» • ^ The Johns Hopkins University *. & 

. Identification of the gifted students ih a Sjchdbl population is log!- 
cally th^ first 'Step in any- educational program for such a group. The 
criteriorf which is set for inclusion in a "gifted" group depends on the 
aims and go^ls of the particular program. Among the criteria which have 



been used in the past are: above some ^specific IQ scorje, as in the Ter- 

" . . ■ ' ■ 

man Gifted Study (1925, . et seq .y, which set a 145 IQ mi-nimum; the top 10% 

oh measures of general scholasti^c aptitude; or, more "recently, above some 

criterion score on a test of^ *\:reativity" (more correctly, "ideational - 

fluency," according tp Wallach [1971])." 

* ' , . . •> 

In tlie Study of Ma^ematically and Scientifically Precocious Youth • 

. ( ' \ ' 

(^M&SPi) at .The Johns Hopkii^ Univei^stty the initial goal is to select 

the ablest i5athe:natical reasoners of junior high school age. from £imong 

an already able group. Twb mathematics competitions have been held far 

seventff, eighth, .and accelerated ninth graders, the first in ^March, 1972, 

and the second in January, 1973. N5 official screening was. done fpr^the- 

first competition, but it was recommende^ that the student hav^ *at least 

a 95th percentile^ (tlational ^orms) on a standardized test of arithmetic 

reasoning. The results of the first competition led to this restr;[ction • 

for the 'following year: a 98th or 99th percentile* score (national non^) 

on* a standardized test of arithmetic Reasoning. 

The primary test for both competitions was the College Entrance 

Examination Board's (CEEB) Scholastic Aptitude Test-Mathfematical (SAT-M) , 

juniors or ^ ' 

"whicli is normally given to high, school/ seniors seeking college admlssi-on. 
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- 7 .• •• ■ ■ ■ 

This teJfe^Wuld be. extremely dffficult for most 12-14 year ol<Js, of 

course,- but it was chosen mainly for that reason. If one has a highly 

able group to begin with, further in-grade testing i§ unlikely to sepa- 

* * 
^ate them efficiently or 'reliably . Before proceeding on to the detailed 

rationale for the use of such high-level tests these groups, let us 

» ' ' • ' ' »* 

examine briefly the -results of the testing competitions. ' 

In the 1972- competition, 396. students' took" SAT-M. Detailed rfesults 

have been reported elsewhere- (Keating & Stanley, 1972a, b; Keating ^'^72),.-' 

but. several major findings bear repetition. A score of 540 on SAT~M fs 

about Che 78th percentile of male high school seniors;. 89. contestants, ^ 

' - . . 
all 7th, 8th, or accelerated 9th graders, scored that high oV higher. ^ A^ 

score of 620 i^the 9ist percentile, and 41 contestants scored, at least 



;that high. .From the top of the distribution down -to a score of 660, the 

<740 - 2 ; ' 

scored and frequencies were: 790 - 1 ; ; 780 - 1 J_/ 730 - 1 ; 710 - 2 ; 

V- ' V , . . . < 

690 - ; 680 - 5" ; 670 3 ; and 6^0 - 5. These are scores which the 

iFor example, the average freshi^an at The Johns HopVihs Unlxcersity scored 6^7. 
great majority of high scliooL seniors never achieve^/ The complete , 

grouped frequency distribution pf- scor.es for the first- cdmiJetition" ace- 

, - , ' ' r . ' ' 

shown in: Table 1. - - • ' - • - ^ - ' 

• ■ / ^ . 



^ • Insert Table 1 about? here . ' ^ 

■ ■/ .; . 

-The full" Results of ^ the second conpetiton are_ Aot yet available, 

hxit partial results indicate that th^ level of talent Sound this year • 

exceeds that .discovered last year.. One boy, an accelerated 9th gradex 

V" N ^ an extrapolated score of 

who was 13 years 0 months old at the tim^ of the testing^ eame^/807 on 

SAT-M (i.e.f one raw score point above the* minimum required* for a scaled" 

score of 800) . Another accelerated 9th grade^ toy 'scored 770 on SAT-M 

and 710 on SAT-Verbal. ^ ^ • / ^ 



fable i: Gfpuped\ frequency , distribution by. grade and sax on .5AT-M and 
M-I of 396 atudants participating in mathep^tics contestt^ 
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1 * I { V ? J years old I T 

Accelerated 9,th>graders were eligibl^^ i.e.»/those not 'yet lA /at ti'ine if 
.testi4ig (March A, 1972). ' ^ • . - . . ^. ■ 
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Tne level of mathematical reasoning ability evidenced by such scores. 



is surprising to individuals accustoj^ed to in-ferade fi^mparisons of gifted 
.youngsters, even exceptionally gifted ones. When one ip nsdci to dealing. 

• • Z ^ i 

with the full range*, of scKolastl^c aptitude (as measured by standardized 
tests) J from quite' low to quite^high, as is ^rue of most,- school personnel, 
the feeling that 'anything ab ove the 98th or 99tii percentile "doesn^t 
really ^lake -any difference" is understandable but unjustifiable. If the 
goal of the schools, like 'that pf SM&SP^^ is to provide the best J)ossible 

.educational alternatives /.'to each individual, rather than- to specifiable . 

^ ' ' if ^ I ' * 

sub-groups, then the 'disjtfnct ions even'|it this •high-level can be as impor- 

tant- as in-grade testing. i ^ 

• ' i There are several reasons fot, thet use' of high-level tests with gifted 

\ ' ' . r * ' } ' ' I . \ ^ 

youngsters in edy.cational as well as ^research settings^^ ' The first of 

' / • ^ . • } 

these J.S that the 98th or 99th percentile students on in-grade teSts are i 

liKely to be as. different from each other as the group is different from 

75th percentile youngs teifs. It is not intuitively obvious, but there is 

(theoretically), mc^re range above the 99th percentile than there is from 

the 1st to the percentile. A conversion to jE-scores illusCrat-es 

In a non/al distributiojv^ . " ^ 

the point th^ Ist^percentile nas a z-score equivalent of approximately 

-r2.33. The 9>^jt:h percentile is of course +2*3/1. Thus, the total z-sdore 

J ' ' I • • * ^ ♦ 

range is 2^>^(-2.^3) ^« 4.66. The r.egion beyond^ the 99th percentile, ^ ^ 

-however, ^xtehds tb + An example of this is available from another 

study of sixth graders nominated as gifted who took the Academic Promise ^ 

Tests (APT) 'for &th-9th grad^. A 99%ile score on the numerical subscale 

for 6tji graders Was 40 or greater on a 60-item test. ^ One stud^t got ?8v 

'V I ^ - : ! ^ ■ \ • ■ V- 

righ^, another 40. Both were 9?th percentile on in-grade ndcma, but the 
sanve ra^ score difference of 18 between 40 and C?St was the dl^erence^ 

,^ . . • , ..... ^. J ^ 
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between a 99th and a 65th percentile score. 

Also, the 99.9th tile score is as ,di'f ferent from the 99\Oth %ile 
score in standard score terms as the latter is from the^^th %ile score. 

r Tests in-grade, however, rarely make these distinctions. • In some 
cases the distinctions .could be made on the basis of standardized 'te^ts 
in-grade^ but more often such tests lack sufficient ceiling to separate 
Oihese individuals accurataly and reliably. The problem is especially 
acute if, as in some cases, the 98th and- 99th %ile cutoff levels are - 
only ^ few points below the ceiling of the test. In s.uch.a case errors 
of measurement are likely to lead to misclassification of a sizable num- 
ber of high scorers. \ / - 

Consider a (hypothetical) 60-item test of mathematical Reasoning 

which is standardized for' a large group whose mean scorfe on th^ test is 

^30. The reliability coefficient for the test is .«81 and the standard- ' 

e^^ror of^/6}jeasurement is 5.00. Fof an individual who scores at the ieil-- 

Ing, i.e., 60 out of 60 right, the 95% cpnfidence interval around his 

A (Stanley, 19711. JK ' ? 

estimated"true- score" is 62.24 to 46.36/ The "true score" /orTuch an 

individual may, however,' be far. above, that , but this test,, because of 

, • . ^ ; , 

lack' of ceiling, can maker no **true score" estimate higher 'thanV6 2. .?4, 
even at a 95% confidence level. (The upper limit of the confidence 'inter 
yal at the 99% level is still, only 63.74), if. the f^eliability coeffi- 

cient; of the , test were higher and the standard error of mcasdrenent *rower 

• • . \ r < . ^ 

the confidence intervals would of coifrSe be even stoaller. In the extreme 

case of perfect reliability the one and only -"true score"- estimate would 

60, The point pf the example is that fdr an individual whose "true e'core 

r " ' . ' • ' • * 

lies above, the. ceiling of a particular' test , tliat test is both pfeacti— » 
cfelly'and theoretically Incapable of estimating his Actual ability). 
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Thus, within the confines of classical test theory, there are two 



major problems with using most in-grade ^ests with exceptionally' gifted 
Students, bot;h connected to lack o\: ceiling: 1) the tests can give 



no 



indication of -how such students are different from each other-j 2) the 

tests' can not give an accurate estimate of ^ti individual 's, ability if his 

true level is '^tbpve the ceiling of the test. * ^ , ^ ' 

Both of these objections can be overcome by using* adequately, diffi- 

cylt. tests. But before arguing this in detail, the* question 04, the pur- 

pose of cSuch accurate measurement should be addressed. It is especially 

[ ^ ■ - ' > ^ ' • 

important in that some teachere and parents have suggested that .using /' 

such difficult tests may,j in fact, -be harmful in some way -to young chil- 

dren. It Inay be tj^aun^tic for th^ average child, but these exceptionally 

able stuaents sjeem to relish the chajLlenge. 

There would be* no purpose to usipig these tests. l^f we^ere to, collect 

^the scores, note thejn - with ^omec^ curiosity, ^nd p^ss'on to W 




9ther endeavors. 6ut this is nc3jt the case," at lesfet in SM&SPY. ^ The pur-- 
'\ ^ . . 'pose, is precisely to assist the student In pl^nnin^ his education best-, 

these plans will be« quite different fbi; the. student who "scopes 800 on* 

« * 7 ^ SAT-M when 13 years 0 months^ old, and for another^, student th^ same^age . 

^" • ' . ' ' n ^ ^ ' ' \ ' ^ 

. • Vho scores ^40^ Qven though both are at the 99th %ile on in-grade test^. ' 
• ' « ' ii ' • ' 

( ^ -Educational facilitfation^ f^or .the fl,rst student will certainly include- re^ 

, > ^ * ' ' i ' ' * . • ^ , ' 

leased time ,aiid summer college courses while in, high schooL,' and probably 

*} ' » 

early^adml^ssion.into college as well (Fox^ 1972). ' , 

.This rai^s^ the second maj.or reaso;i for using htgh level. tests VitJi 

^"^uch stud^ts, iand-it is a primarily em^iricil rather than*, theoretical 

inds of ^ 



one: the^ more difficult tests have p^ictive v^^idity for the V 



f.^ *challer^lng experiences that facilitating their education will present,' 



ion Will pi 
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testifying to t\ie fact that these ^tests have rood predictive valid- 
ity is a series of (thus fax:) unbroken successes in placing younjg -students 
•found through these conjjetitions'* in college^d^aurses on released time or 
during the stJimner, None of the students has received a' grade l^ss th^n 
B, and the mjority have received A's. Prior to the of ficial- start of 

/SM&SPY, two 8hh gracfe stunts were adm;(.tted to Johns Hopkins as full- 
- • befofle 

time students,/ ^ the " age of 14. They had scores on CEEB aptitude* and 

at:hii6v^ent t/sts superior 'tcJ those of most entering freshmen, ancf their 

\ • - • - • J ' 

-.success at Hopkins has been discAissed in case studies elsewhere (Keating & 

Stanley, 1972a; Stanley, 19J2) A third studpxtt (who was not 'found through 

* ■ * ♦ . i 

the testing Qf)mpetitions) was admitted in 1972 at age 16 after the IQrt? 
grade to tifie. basis of excellent scores on college level 'tests *and SM&SPY's 
recoiimieridaj;ion. He'comp'iled a 4.0 (straight A) average ^n his "first . • 
semester. ' • • ^ ; • I 

' i ^ " '} • ^ ' ' ' . ^ - 

Related to these ^Considerations is the .fact that*we are" interested 
iti quantit^ive precocity, not just quantitative aptitude. Ti:ecocity; as; 
£he term is used here, means arriving at some stage of development fearlier 
than *xpected;^^uch ^hat tHe individual's current state of development /iS* 
more like .someone?* much older. In tHi^s context, "quantitative precocity' 
means haviAg attained a stage of cognitive development in qhe quantitative 
area more like the developmental stage*. o^^ someone several Vears older than* 

^ * : ' ' . '1 

-the norm for age--mHtes. . . * ! 

The simplest way to diact^ver this is to assess it directly^ Thus, to* 

. h \' '\ \ ♦ . ; • ' . 

find -out which', oi a given group of able 12-^14 year olds has ^attained ^ • 
level erf qiiantibative reasoning ability jnore like able high sd;ool seniors,* 
ODe need only give ti\em t;he. same test '%of mathematical re'Asoriing one would 
give, to a group of h:*-gh school seniors.. The' exci^Jlent an^ fre^ntly used ' 
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test for this purppse is SAT-M. / 

' . . ^ ' . ' % ' " ^ - ~ 

ThlfS| is,not to^ imply that a scqre of 6pO'for a 1?-1A year^'olcf on * 

SAT-M "necessarily means 'tbe. same thing in terms of quantitative reason- 
ing ability as the 680 iearned by the high ^school 'Senior . In fact,", the 

/ • * / 

younger student is. probably being requir^.d to use mor;e of his reasoning, 

ability,, since some of the. fo;:mulas and identities which the older stu- 

AAit has learned in high^ school are not available to the younger student, 

and he consequently must*, figure^. ^them out by using a higher level process. 

Befot^ we elaborate , this 'distinction, it: should be/noted that 

this element probably "biases", the predictiye validity positively if thfe^ 

criteribn* is "success in learning new material in introductojry courses" 

•C«s reflected by the grade in the course), for almost certainly the reas- 

oning element will be more important in such a situation than* "amount of 

knowledge previously ^accumulated^' will be. h • 

. The different meaning and interptetation of tfie t^st score depending 

on who, the test-taker is raises an important point* As V^\stasi (1972) 

.has^ suggested, the test item is not an unchanging aAd objectively detei^- 

minable "stimulus" across all groups. T^e sample of behavior whicl). each 

it^^sfeejcs to evaluate is a complex interaction of the item and tfhe indi- 

vidual, incltrding his background and experience, and the way in Which he 

reacts to the particular item.. . . ^ ' 

• ^ " / . 

Two-exair5)les setvfe to illustrate this point^with regard to mathema- 
• . ^ ' t * ' I ' 

ti\:S items. One such item on a college level test involved' the^ division 



of one fraction by another. For the colf^ege population the test yas con- 
s^xucted for> the item was appropriately placed in^the mathematical com- 
putation> section o£ the test. 'When the itefj v>a9 presented to an ll\year' 



9 moa^h old boy, however, 'it was A "different" item, ,He had not then 
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learned Che rule for cjlvlsion by a f raction^ (i ..e'^, invert s^nd multiply) , 
but ^got the iCem right noriietheleas * It was clear i^jom -his expianation' 
afterward that he had used ^excellent mathematical t'^asoning to complete 
the item correctly-.' 

The second example is the manner in which a ,9 /ear ' * " o^d boy 
went about solving a problem involving the^rea of; a triangle. He had 
not learned; the formula (1/2 x Ifese -x height) in school, of C(^rffe, being 
only a 4th grader*.. But, as he explained later, l^^ne^ that the area 

Of a rectangle was "base x height." He recognized the hypoteneuse of^ 

the triangle as^beipg the diagonal- of a(n imaginary) rectangle.^ Tlius, 
he reasoned, if he calculated the area of the rectangle and took half , of 
that *drea, he would have the area of the triangle -(i.e. , base jc height 

' X 1/2)^ . ' ^ 

These "clinical"- item analyses need to be investigated by more £on- 

^ yeijtiona:). statistical methods. A full item analysis of the SAT of^the 

twb testing competition groups 'is planned, and the results 'are to be com- 

pared to item analyses pf the. SAT conducted by Educational Testing Serv- 

ice (ETS) in'its regular adpinistrations. The con^arisons , if the abovje 

J • * 

discussion is accurate in its conclusions^ should" prove mo^t eulightenlng. 

The techniques'^'described^in this paper for -the discovery of quanti- ' 
tative* ptjecocifey are of course applicable^ in other areas'. The general 
f iiliiiVig .that tests which are adequately scaled for*:*a population defined 
by. age and ^radej/may not be the most u3§ful for those near the t;op of tHe 
scap.e. • Th;Ls difficulty can be overcome by administering a higher level 
tes.^ to a select sub-popul^ion on the b^sis of the first (ia-grade) test. 
(It should not be administered* to the whole populiation, of course,^ because 
it. would be both useless, and discouraging for all but the top fewV^ This 
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lb 



I 



simple procej^re, which is, as we have. shown, both theoretically and" 
practically justifiable is .one ^of ten ,oT5erlcfr>ke4» even by those who most 
need the information to assist and cjatins.el the student. 



• ^ :' 
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